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ABSTRACT

Many consumables analysis techniques have been devel-
oped by NASA and Apollo contractors and several of these methods
are evolving with the Apollo program to improve their usefulness.
One method obtained from MSC, Mission Planning and Analysis
Division, is a simplified LM electrical power subsystem program
that provides a quick look capability for electrical energy,
water, and oxygen expenditure predictions. This method is
described and an example based on the first lunar landing
(mission G-1) is discussed.

The LM quick look program is based on a mission modu-
lar data book approach. Inputs to the computer program are
mission block times and consumable usage rates. The outputs
provided include consumables remaining after each mission
phase. This method is convenient to use for preliminary
mission planning and can give sufficient accuracy for this purpose
if the inputs are valid.

The mission G-1 analysls demonstrates an application of
the subject method and emphasizes the need to accurately define
input data. Based on the results of the analysis some con-
sumables are marginal. The low margins indicate a need to
perform additional consumables analyses. Also, more careful
evaluation of inputs is needed to assure that the results are
valid before relying on them.
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INTRODUCTION

In the course of planning Apollo missions, and in
subsequent evaluations of flight data, it is necessary to have
valid analytical methods for predicting and comparing space-
craft consumables usage. Consumables analysis methods have
been developed by NASA and Apollo contractors to support
mission plans and evaluations. Several of these methods are
evolving with the Apollo program to improve their usefulness through
increased accuracy or flexibility. The resulting changes
emphasize the need to understand the methods in order to
validly use the consumables calculations.

We at Bellcomm need both to perform consumables
analyses to support engineering studies and to use NASA consum-
ables reports to support mission planning. Therefore, we have
acquired several procedures used for consumables analyses at
MSC. One of these methods provides a quick look analysis of
LM consumables, as described in this report.

The LM quick look consumables analysis method is
based on a simplified LM electrical power subsystem program
devised by the Consuwﬁgles Analysis Section, Guidance and Per-
formance Branch, MSC . The program computes LM electrical
energy, oxygen and water requirements, based on mission block
usage rates.

The analysis method is described in the following
section. Then an example of applying this analysis method to
the first lunar landing mission is discussed, followed by
current conclusions on the application of the method and result-

ing data.

ANALYSIS METHOD '

The LM quick look consumables analysis method uses a
simple digital computer program to calculate expended commodities
versus mission time for specified expenditure rates. The con-
sumables computed are electrical energy, water and oxygen. The
program is written in Fortran for use on a Univac 1108 digital
computer.
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The computer program accepts input data as provided by
the Universal Mission Modular Data Book and modifications as
specified for a particular mission requirement.(2) The required
input data are initial total consumable quantities, mission phase
(block) time (start and end), block power, changes in block
power, metabolic rate, oxygen leakage rate, water for PLSS refill,
and oxygen for cabin repressurization and PLSS refill. The con-
sumables usages are computed for each phase from the phase time
and usage rate. If the total usage rate for one commodity is
dependent on another commodity usage rate, the program computes
both the dependent rate and the gquantity used.

Electrical energy is calculated by multiplying the block
rate (watts) by the phase time. The energy used in each sequen-
tial phase of a mission 1s suttracted from the specified bat-~
teries (ascent or descent). The resulting outputs are ascent
and descent energy used and remaining for each phase. The input
data can be adjusted to represent specific mission requirements
by specifying a delta power and the planned phase start and end
times.

Water requirements are calculated using a constant
rate for structural heat control (1 1b/hr.) and urine loss (0.1l
lb/hr/man ) plus variable losses proportional to electrical heat
and metabolic rates. The electrical control water requirement
in 1lbs/hr. is 0.0027 x power in watts -0.0650. The water require-
ment (in lbs/hr.) that is proportional to metabolic rate is esti-
mated as 112.43 x 105 x metabolic rate in BTU/hr. Water used
for PLSS refill is added from input data in the phase required.
Outputs are the ascent water and descent water remaining after
each sequential mission phase.

Oxygen requirements are calculated from the cabin leak-
age rate (0.2 1lbs/hr.), metabolic rates, cabin repressurization
quantities and PLSS refill quantities. The oxygen usage rate in
1b/hr proportional to metabolic rate is estimated as 1.643 x 10-4

X metabolic rate in BTU/hr. Oxygen used for cabin repressurization
and PLSS refill is added from input data in the phase required.
Cutputs are the ascent oxygen and descent oxygen remaining after

each sequential mission phase.

The LM consumables method described provides a rapid
and relatively flexible means of computing LM consumables
requirements with one computer run for each mission description.
The prime assets of this method are simplicity and convenience.
The accuracy provided is limited by the accuracy of the input
data. For example, the general estimate of accuracy for consum-
ables computations based on the Mission Modular Data Book para-
meters is + 10%. However, the accuracy can be improved by modi-
fying the data book parameters to more precisely match specific
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mission parameters as they are determined. If sufficient care
is taken in determining the input parameters, this method will
give results compatible with the needs of preliminary mission
planning. A more accurate method, e.g., a more precise mission
simulation program, should be used for the final analysis of

a mission.

MISSION G-1 PRELIMINARY ANALYSIS

An analysis of the first lunar landing mission LM
consumables was performed as an example of the application of
the subject method. This analysis does not presume that the
outputs presented herein accurately predict the mission G-1
consumables usage. However, this analysis can serve as a base-
line for further input data validation and mission planning.
The method of establishing the input timeline and consumables
rates data used and the resulting consumables expended are
described below.

A mission timeline was derived fromthe LM timeline
presented at the mission review of the first lunar EVA.(3)
The lunar surface time was increased slightly to allow a longer
rest period, resulting in a 22 hour surface stay time with one
EVA period. The LM timeline was integrated into the overall
mission timeline given in Mission G Spacecraft Reference Traj-
ectory by sy?ﬁ§ronizing the lunar orbit insertion (LOI) initi-
ation times. Within this time frame, individual phase acti-
vities were estimated primarily based on the Mission Modular
Data Book.(2) The timeline phases are itemized in Table 1I.
This table lists the "Phase Name" and "Block No." selected from
reference 2. The "Mission Time" is the starting time of each
phase in hours, minutes and seconds measured from 1ift off and
"Phase Time" is the phase duration in hours. The "Rate x 7.5"
column in Table one lists the electrical power, including 7.5%
for distribution losses, for each phase.

The consumables block usage rates were based on ref-
erence 2. However, the electrical power was modified to present
specific requirements anticipated for Mission G-1. Modifications
to the power requirements were made using data from an MSC lunar
landing mission LM descent power budget study an? tgo iubsequent
studies of the descent power budget at Bellcomm. 5,0,7 The
electrical power budget used in this analysis is plotted in Figure
1. Although it is assumed that these data are more accurate than
direct application of the data book paramefers, they should be
updated or validated by more recent requirement predictions before
this analysis output is used for any critical mission evaluations.




BELLCOMM, INC. -

Outputs of electrical energy were plotted as shown
in Figure 1. A liberal use of power is indicated by the power
profile curve, i.e., systems were not powered down to obtain
maximum available conservation of energy. This usage appeared
reasonable because the lunar stay time for mission G-1 is much
shorter than the nominal design reference mission. The watt-
hours consumed and remaining curves indicate the consumables
status throughout the mission. The descent stage four-battery
capacity (46.9 KWH initially) is reduced to 33 KWH at touch-
down and 1.2 KWH before 1ift off. The ascent stage two-battery
capacity (17.8 KWH initially) is reduced to 16.2 KWH at 1ift
off, 8 KWH after docking and 5.8 KWH after crew transfer to the
CSM.

The electrical energy calculations indicate a need to
conserve consumables, even though the mission has been shortened
by eliminating one EVA period. The high electrical consumption
is partly attributed to using larger power values than in the
data book in some periods, but to a larger extent is caused by
the fact that the overall LM mission timeline is essentially as
long as previously planned for a two EVA mission. The lunar
stay time has been decreased by over 3 hours, but the overall
time from LM power on prior to descent to crew transfer after
ascent is about 35 hours. This is comparable to the time used
in reference 5.

The water and oxygen outputs are shown in Figure 2.
The descent water remaining is 92 1lbs. of approximately 314
lbs. loaded and the oxygen remaining is 20 1lbs. of about 45
1bs. loaded. In the ascent stage 40 1lbs. of the initial 80 1bs.
of water remain and about 2 1bs. of oxygen are left of the ini-
tial 4.1 1bs. These margins may be sufficient, but they also
indicate a need to conserve consumables to accommodate contin-
gencies, e.g., loss of one ascent water or oxygen tank.

This mission G=1 analysis demonstrates the applica-
bility of the quick look consumables analysis method. It also
highlights the need to accurately identify the timeline duration
and operations and the consumables block usage rates in order to
obtain valid results. The accuracy of the analysis can be impro-
ved by incorporating new input data as it is acquired for either
one or more blocks at a time.

CONCLUSIONS

The MSC quick look LM consumables analysis program per-
forms well and should provide useful outputs if care is taken in
specifying accurate input usage rates and phase times. The program
provides a convenient tool for preliminary mission planning.
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Our understanding of MSC's consumables predictions
is enhanced by acquisition and study of this LM consumables
program. New acquisitions of MSC analyses using this method
can be helpful in understanding MSC's mission plans and in
improving our ability to support engineering analysis of pro--
posed missions and configurations.

Analysis of the G-1 mission indicates that, although
the mission has been simplified, careful consideration of the
conservation of consumables is still required. However, the
input data used in this study must be validated or improved
before relying too heavily on the results.

~ (‘ , 4
ﬁ A5 - '5""’""'(,

2033-RDR-fmw D. Raymond

Attachments
References
Table 1
Figures 1 and 2
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TABLE I, PRELIMINARY‘ MISSION G-1 BLOCKS

- -

PHASE NAME BLOCK NO MISSION TIME PHASETIME BLOCK RATEX7.5
TTTTTTTCOUNTDOWNT T T T T L2085 T TS, 0. 0. TTTLL000600 7T T 7T 142,.,00000
LAUNCH TO SLA 2 L20-5 0¢ 0. O L,16667 83.20000
TTUTTUTGLATTOCSM EPS T3 L2095 T Ty 10, 0 66567 7 162.20000
CSM SUPPLIES PwWR4 CSM 4. S0. 0. 88.05000 «00000
TTOUTUUTCREW IVY T T U3 7TOL2 T U920 B3, 0. 1.00000 0 T T 661499999
CREW IVT 4 JL2 93. 53. 0o 50000 795.,99999

T TTTTTORBITAL CKOUT T YL T UL TTTTTTTO4 T 230770 L 0600007 T T 1874400000
ORBITAL CKOQUT 2 JLu 95, 23, O 1.16667 1298.00000
TTTORBITAL CKOUT 377 0L4T 96, 33. 0e 0 W66H6T T 1482.00000
ORBITAL CKOQUT 4 JLy 97. 13, O « 25000 2039,00000
- T DCKD COAST UNSTGY  L17-5"7 797+ 28, 0« 66667 7 1953,00000
DCKD COAST UNSTG1 L17-5 98s 8., O L1667 2004.00000
TTTTTTTSEPTERON TCSM T YT JUS T TTY8 T 33, oY T 25000 T T 2006.00000
SEP FROM C&M 2 JLs 98. 48, O « 33233 2006.00000
TTTUTUUSEP FROM CSMT T2 T ULS T 99, B 0. e11667 0 T 2223.9999¢
UNDKD UNSTG €ST 2 L17-5 99, 15. 0. JH1667 2190.,00000
TUUTUUTUUNDKD UNSTG CST 2 L17-5 99, 40, 0. L08333 7 2190.00000
DPS BURN 1 L8-5 99. 45, Qe 10000 2192.00000
TTTUTTTDPS TBURN TTTTTT T2 L85 TR, 0 T L 00833 T 2597,000060
DPS BURN 3 L8-5 99. 51, 30. .19167 2192,00000
T TUNDKD UNSTG €ST 2 L17=5  '100. 3, 0. . .5%0000 ~ ~ 2192,00000
PWRD DESCENT 1 L10-% 166+ 33, 0o « 20000 2322.00000
T UPWRD DESCENT 1 Llo-5  100. W5, 0. O L20000 2322.00000
WRD DESCENT 2 L1o0-5 100« 57. O 18233 2608.00000
o “POST LARDIMG ~ 17 L6-5 ~ 101, 8, 0. ~ .50000 1 2117.99999
POST LANDING 2 L6-5 101. 38, 0. 1.00C00 1747.00000
TTUTTTUPOST LANDING T T3 L6-5 T T 102. 38, 0. W50000 1955.00000
LUNAR STAY 1 Lig-5 103« 8. 0. 1.00000 1493.00009

TTUUUTTTLUNARTCSTAY D T T2 TLls=5 TTTLo4. T 8. 6. 8.00000 0 1403.00000
LUNAR STAY 1 Li8-5 112. 8. 0. 1.00000 1403.00000
TUTTTUTTLUNAR STAY U T3 TLIGSS T 11307 8, T 06T T 2,00000 T 1569.00000
EXPLORATION 1 L1i1-9% 115, 8, 0. 2,00000 1295.,00000
TTUUTTTTULUNARTSTAY 1 L18=~5 771180 T8 06 7 714500000 0 1239.00000
LUNAR STAY 1 L1ag-5 119, 38, 0. 1.00000 1650.00000
TTTTTUUTUPRELAUNCH C/0 T2 L7577 120438, 04 1.86557 0 1720.00000
PRELAUNCH C€/0 3 L7-5S 122. 30. Q. «08333 1720.00000
T UPREUAURCH TCZ0 3 U= T 1224 35, T 06 405000 0 T 1720.00000
ASCENT FROM SURF1 L13-5 122, 38, Q. 25000 2212.N0000
TTTTT T UASCENT FROM SURF1 O L13-5 122. 53, 0. 7 7 .2500n0 2291.00000
ASCENT FROM SURF2 1.13-5 123. 8. 0. 11567 23N1.00000
TTTTTTTTTASCENT FROMUSURFD T LIB-S T TTI23.715, 0. T L10000 T 2291.00000
ASCENT COASTY 3 L17-5 123, 21, ©. « 25000 2291.00000

T TTTRES TRANS T T T U LTRSS 1230 360 T 0T 2150000 0 229540000
RCS TRAMS 2 L5-5 123. 45, 0. W 01657 2532.90000
T T ASCENT COAST T3 T L1755 123046, T0W T T, 06667 2290.00000
ASCENT COAST 3 L17-5 123. 50, 0. « 25090 2291.00000
T ASCENT COASTY T T3 LITES 1260 TS0 T T L 05000 T T T 2291.00000
ASCENT COAST 3 L17-5 124, 8, 0. 18233 2291.00000
e RCSTTRANS 7 LSS ST T 20,7190 0. 150000 T 2205,00000
RCS TRANS 2 L5-5 124, 28, 0. . 01657 2532.,90000
T ASCENT COAST T 3T LIV 120y 29, 0 T T T T, 06567 TTT2290.,00000
ASCENT COAST 3 L17-% 1244, 33, O 41667 221U4.73000
T RES CTRANS T L LSS5 1240758 70T 16667 T T 2219,.10000
RCS TRANS 2 L5-5 125. 8, 0. «0027H 2456.60000
e = ASCENT COAST 37L17-5 12527778, 10777706289 7 221U,70000
ASCENT COAST 3 L1i7-% 125. 12, 0. 50000 2291.00000

TTTTTTTTRCS TTRANS T L LS5 1250 82, 70T V16657 T T 2295,40000



+ TABLE I (CONTINUED)

>

-

RCS TRANS 2 L5-5 125. 52. 0.

PREP FOR DOCK 1 JL7-5  126. 32, 0.
TTPREP FOR DOCK™ 2  JUL7-5" 126 37. 0.
. __ PREP FOR DOCK 3 JL7=5 126, 42, 0.

INV TO CSM
INV TO CSM 2 JL3-5  127. 30. Q.

TTTINV IO CSM T T3 T AL3=Y T 128 30 0.

-
[l

1 UL3-5 T 126. H52. 0.

«+00750

TASCENT "COAST 7 T3 L17-5 77712540752 270 T L6517 T

08333

T .08333

16667

63333
1.0n900
13333

2532.90000
2290.00000
1813.60000

T1813.00000

1285.10000
124510000
1230.20000
911.10000
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